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Amendments to the Claims : 

The listing of claims wUl replace all prior versions, and listings^ of claims in the . 
application: 

Listing of Claims : 

1 . (Cuireiidy Ainaided): A system for controlling the physical behavior of an apparatus, the 
behavior of the apparatus estimated by an iaitial behavioral model, the system 
comprising: 

a sensor element located inproximi ^y^ on the apparatus for acquiring data that 
accurately characterizes the physical behavior of ^ machine component indicative of 
the physical behavior of the apparatus, the data measuring occurring during an abnormal 
period triggered by an event, the measured data being indicative of the behavior of the 
machine conq)onent when in normal use; 

a system processor which includes a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral model, tuning and adjusting the controller and generating a control signal, 

wherein the processor adapts the initial model to an updated model based upon 
the acquired data» combines the updated model with a uidversal filter to create a relation 
that describes the behavior of the apparatus and creates a controller based on the relation 
such that the controller is tuned according to the updated model, and 

wherein the control signal generated by the processor according to the controller 
is used to control the physical behavior of the apparatus. 

2. (Original): The system of claim 1, \s^erein the drive signal causes motion in the 
apparatus. 

3. (Original): The system of claim 1, wherein the relation is formulated as an optimal 
control problercL 

4. (Origiaal): The system of claim 3, wherein the relation is solved by a method chosen 
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from the group of methods consisting of: linear quadratic Gaussian (LQG), H-infinity and 
}i-synthcsis, 

5. (Original): The system of claim 1 , wherein the universal filter includes a set of numbers 
provided by a user of the system. 

6. (Previously Presented): The System of claim 1 , wherein the universal filter is 
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where £i, £2, and E3 are filters that specify the relationship between at least one 
performance variable, z, and at least one disturbance^ at least one controller output, u> 
and at least one plant output, s» and Fi and Di are filters that specify the relationship 
between at least one plant input, r, and at least one disturbance, w, and at least one 
controller output, u, and F2 and D2 are filters that specify the relationship between at least 
one controller input and at least one disturbance, w, and at least one plant output, s. 

7. (Original): The system of claim 1 wherein the controller is a digital signal processor 
(DSP). 

8. (Original): The system of claim 1 further comprising a second processor in data 
communication with the system jn'ocessor. 

9. (Origiiiar): The system of claim 8, viterein the second processor is portable &om the 
location of the system processor. 

10. (Origmal): The system of claim 1, wherein the system be^ns acquiring data upon 
occurrence of a predefined event 

1 1 . (Original): The system of claim 10» wherein the predefined event is an event selected 
from the group of events consistiDg of: input received &om an operator, exceeding a 
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threshold operating value in the apparatus, mi the passage of a predetennined length of 
time. 

12. (Original): The system of claim 1, further comprising an actuator in electrical 
communication with the system processor, wherein the drive signal causes activation of 
the actuator and M^ierein the actuator is located such that the physical behavior of the 
^aratus is modified by the activation of the actuator. 

13. (Original); The system of claim 12, wherein transfer function data is collected between, 
the actuator and the sensor element 

14. (Original): The system of claim 13, wherein the sensor element gathers frequency data 
and wherein the accuracy of the updated model is adjustable as a function of the gathered 
frequency data. 

15p (Original): The system of claim 1, wherein the system processor further includes a 
signal conditioner. 

16. (Original): The system of claim I , vrfierein the system processor further includes a 
signal amplifier. 

17. (Original): The system of claim 1, wherein the updated model is a model of minimal 
order, 

1 5. (Cuneotly Amended): A system for controlling the physical behavior of an apparatus, 
the behavior of the apparatus estimated by an initial behavioral naodel, the system 
comprising: 

a sensor element located ittproxina q^ on the apparatus for acquiring data 
indicative of the physical behavior of a m achiTie component of the apparatus; 
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a system processor which includes a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral model, tuning and adjusting the controller and generating a control signal, 

wherein the processor adapts the initial model to an updated model based upon 
the acquired data, combines the iqxiated model with a universal filter to create a relation 
that describes the behavior of the apparatus and creates a controller based on the relation 
sudbi that the controller is tuned according to the updated model, 

wherein the control signal generated by the processor according to the controller 
is used to control the physical behavior of the apparatus; and 

wherein the relation is a multivariate and fully coupled. 

19- (Original): The system of claim 1, wherein the processor creates the updated model by 
non-linear curve-fitting thereby describing the updated model by a known mathematical 
equation according to the data gathered by the sensor. 

20. (Origmal); The system of claim 19, wherein an error function is associated with the 
known mathemadcal equation, the error fimction including log noiagnitude and phase 
information. 

21 . (PrcvioTisly Presented): The system of claiiu 13, wherein the logarithmic error between 
the collected data and the initial behavioral model is: 

where 6 is a vector of parameters which describe the model, is the firequency 

response of the model from actuator j to sensor i measured at frequency fk, is the 
measured frequency response from actuator j to sensor i measured at frequency ^, p is the 
number of sensors, q is the number of actuators, and N is the number of frequency points 
of interest. 

22. CPreviousiy Presented): A system for governing a controller usable to dictate motion of a 
machine component in normal use, comprising: a sensor which measures data that 
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accurately characterizes the physical behavior of the component, the data measuiing 
occurring during an abnormal period triggered by an event, the measrured data beiiig 
indicative of the behavior of the machine component when in normal xise; and a signal 
processor which dynamically generates and uses a multivariable, iully-co'Upled 
mathematical relation of minimal order in conjuijctian with a universal filter to create a 
controller, the controller dictating motion after the abnormal period has ceased and when 
the equipment component is in nomial use. 

23. (Origmal): The system of claim 22, wherein the mathematical relation provides an 
accurate model of the normal motion characteristics of the equipment component and the 
controller is created by using a method chosen from the group of methods consisting of: 
linear quadratic Gaussian (LQG), H-infinity and )i-syntfaesis. 

24. (Original): The system of claim 23, wherein the mathematical relation includes at least 
one parameter for governing the controller and wherein the parameter is a functioii of 
data measured by the sensor. 

25. (Previously Presented): A method for governing motion in a physical system, the 
physical system being estimated by an initial behavioral model, comprising the steps of 

inducing motion in the physical system; 

measuring fireqiiency data which accurately characterizes a physical 
behavior of the system, comprising the motion in the system, indicative of the 
physical behavior of the system, the data measuring occurring during an abnormal 
period triggered by an event, the measured data being indicative of the behavior 
of the machine component when in normal use; 
updating the initial behavioral model to create an updated behavioral model which 
accurately conforms to the measured data, M^itig the tq)dated behavioral model in 
conjunction widi a universal filter to create a conunand structure and applying 
appropriate stimulus to the system to cause motion in the physical system, dicrcby 
causing the physical system to behave in accordance with the command structure. 
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26. (Qnraitly Ameaded): A method for creating an updated model for the motion 
characteristics of a physical system from a previously stored model of the system, the 
iq)dated model goveming the actions of a system controller which dictates motion in the 
physical system, comprising the steps of: detecting the occurrence of a start event; 
gathering data relating to the motion characteristics of the physical system during an 
abnormal period of operation after the start event; updating the stored model by 
comparing the gathered data to the stored model; and iterattvely adapting the stored 
model until the stored model predicts the motion characteristics of the system according 
to the gathered data; and storing the i5)datcd model at an electronic memory location 
accessible to the system controller. 

27. (Previously Presented): The method of claim 26, wherein the step of gathering data 
comprises acquiring a frequency response to an induced motion to the physical system. 

28. (Previously Presented): The method of claun 26, wherein the step of comparing the 
gathered data comprises fitting a non-linear curve to the gathered data. 

29. (Currently Amended): A method for controlling movement of a mechanical apparatus 
based on the spatial location of a movable portion of the mechanical apparatus, the 
movement of the portion initially estimated by a first mathematical model and governed 
by a first controller which is based on the first mathematical model and a mathemati cal: 
universal filter, comprising the steps of: ■ 

measuring fi^quency data \^ch accurately characterizes a physical 
behavior of the apparatus, comprising the motion in the system, indicative of the 
physical behavior of the ^aratus» the data measuring occurring during an 
abnormal period triggered by an event, the measured data being indicative of the 
behavior of the machine compotient when in normal use; 

introducing a first signal to induce motion in the movable portion; 
measuring the motion and spatial location of the movable portion in response to 
the first signal; 
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updating the first mathematical model to generate a secocid mathematical model 
which approximates the motion of the movable portion and updating the first controller 
using the second mathematical model and the filter to create and solve an optimal control 
problem and thereby generate a second controller^ such that the motion induced when a 
second signal is applied to the mechanical apparatus is well-predicted. 

30. (Previously Presented): A method-of creating a controller employed by a user to govern 
motion in a physical system comprising the steps of: generating an identification of the 
system by measuring the response of the system to comnoands; accepting input firom the 
user specifying certain parameters of the system; applying a universal filter to the input 
from the user to create a usersiefined behavioral range for the physical system; creating a 
problem specification from the identification of the system and the behavioral range; and 
solving the problem specification, thereby creating the controller. 

3 1 . (Previously Presettted): A system for creating a controller used by a user to govern 
motion in a physical system comprising: means for generating an identification of the 
system by measuring the response of the system to commands; means for accepting input 
from the user specifying certain parameters of the system; means for applying a universal 
filter to the input from the user to create a user-defined behavioral range for the physical 
system; means for creating a problem specification from the identification of the system 
and the behavioral range; and means for solving the problem specification, thereby 
creating the controller. 

32. (Currently Amended): A system for controlling the physical behavior of an apparatus, ' 
the behavior of the apparatus estimated by an initial behavioral models the system 
comprising: 

a sensor element located in proximity to on the apparatus for acquiring 
data indicative of the physical behavior nf a mftr^'hiTi c -component of the apparatus, 
which accurately characterizes a physical b^avior of the apparatus, comprising 
the motion in the apparatus, indicative of the physical behavior of the system, 
during a period when the apparatus is not in normal operation; ' 
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a system processor which iacliides a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral model, tuning and adjusting the controller and generating a control 
signal, 

wherein the processor adapts the initial model to an updated model based 
upon the acquired data, combines the updated model with a universal filter to 
create a relation that describes the behavior of the apparatus and creates a 
controller based outhe relation such that the controller is tuned according to the 
updated model, and 

wherein the control signal generated by the processor according to the 
controller is used to control the physical behavior of the ^paratus. 

33 , (Cun^ntly Amended): A system for governing a controller of the typ e usable to dictate 
motion of a machine component in normal use, conq^rising: a sensor which measures data 
that accurately characterizes the physical behavior of the component, the data measuring 
occurring during an abnormal period triggered by an. event during which the physical 
behavior of the component is stimiilated by preselected control signals, the measured data 
being indicative of the behavior of the machine component when in normal use, under the 
influence of the preselected control signals; and a signal processor which dynamically 
generates and uses a muhi variable, fully-co\q>led mathematical relation of minimal order 
in conjunction with a imiversal filter to create a controller, the controller dictating motion * 
after the abnormal period has ceased and when the equipment component is in normal 
use< 

34. (Previously Pieserwad)! A method for governing motion in a physical system, the 
physical system being estimated by an initial behavioral model, comprising the steps of: 

inducing motion in the physical system during a period when the physical 
system is not in normal operation; 

measuring frequency data which accurately characterizes a physical 
behavior of the apparatus, comprising the motion in the system; indicative of the 
physical behavior of the apparatus, the data measuring occurring during an 
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abnormal period triggered by an event, the measured data being indicative of the 
behavior of the machine component when in normal use; 

updating the initial behavioral model to create an updated behavioral 
model which accurately confonns to the measured data; 

using the updated behavioral model in conjunction with a universal filter 
to create a command structure; and 

. applying appropriate stimulus to the system to cause motion in the 
physical system, thereby causing the physical system to behave in accordance 
with the command structure. 

35. (Cuncndy Amended): A method for creating an Updated model for the motion 
characteristics of a physical system from a previously stored model of the system, the 
updated model governing the actions of a system controller which dictates motion in the 
physical system, comprising the steps of: detecting the occurrence of a start event; 
gathering data relating to the motion characteristics of the physical system during a m 
abnormal period ^en th e physiool syst e m is not in op e ration based upon preselected 
induced control signals; updating the stored model by compaiixig the gathered data to the 
stored model; and iteratively ad^tiog the stored model until the stored model predicts the 
motion characteristics of the system according to the gathered data; and utilizing a 
Tmiversal_filter and the adapted stored model creating a relation that describes the 
behavior of the physical system storing - fo e- updat e d • modol at an olootronio memory 
loofltion r OOooGfliblo to tho aygtom oontrollor , 

36. (Currently Amended): A method for controlling movement of a mechanical sppoi&tus 
based on the spatial location of a movable portion of the mechanical apparatus, Ihe 
movement of the portion ioitially estimated by a ^st mathematical model and governed 
by a first controller v^ch is based on the first mathematical model and a mathematical 
filter, comprising the steps of: 

Introducing a first signal to induce motion in the movable portion during a 
period of time when the mechanical apparatus is not in normal operation; 



14 



PA(X1S/4rRCVDAT4/19l20()51:02:04PM [Eastern Daylight r^^^ 



PPR. 19.2005 9:26ftM 



NO. 900 P. 19 



Atty. Docket No. 2001-0093-01 
USSN 09/896.689 

measuring data wiiich accurately characterizes a physical behavior of the 
apparatus^ coinprising_the motion and spatial location of tiie movable portion in 
response to the first signal which accurately characterizes a physical behavior of 
the qyparatus, comprising the motion m the system indicative of the physical 
behavior of the apparatus, the data measuring occurring during an abnormal 
period triggered by an event, the measured data being indicative of the behavior 
of the machine comi>onent when in normal use; 

updating the first mathematical model to generate a second mathematical 
model which approximates the motion of the movable portion and updating the 
first controller using the second mathematical model and the filter to create and 
solve an optimal control problem and thereby generate a second controller, such 
that the motion induced when a second oontroUor signal is applied to the 
mechanical apparatus is well-predicted. 

37. (Cmrwitly Ameade^i A method of creating a controller of th e typ e employed by a user 
to govern motion in a physical system comprising the steps of: generating an 
identification of the system by measuring the response of the system to commands dining 
a period of time when the physical system is not in operation based jxpon preselected 
commands; accepting input &om tiie xiser specifying certain parameters of the system; 
q>plying a universal filter to the input &om the user to create a user-4efined behavioral 
range for the physical system; creating a problem specification, fiom the identification of 
the system and the behavioral rar^; and solving the problem specification, tiiereby 
creating the controller. 

38. (Cuirently Amended): A system for creating a controller of tho typo used by a user to 
govern motion in a physical system comprising: meaiis for generating an identification of 
the system by measuring the response of the system to commands during a period of time 
when the physical system is not in normal operation based upon a plurality of ptesclccted 
commands; means for accepting input fiom the user specifying certain parameters of the 
system; means for applying a universal filter to the input firom the user to create a user- 
defined behavioral range for the physical system; means for creating a problem 
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specification from the identification of the system and the behavioral range; and means 
for solving the problem specification, thereby creating the controller. 

39. (Currently Amended): A system for creating a controller of the typ e used by a user to 
govern motion in a physical system comprising: 

controller means for iojeotton injecting motion control signals to govem motion in 
the physical system having feedback to the controller means; 

means for disabling the controller means and substituting a temporary control 
signal generator injection injecting preselected control signals into the physical system to 
enable measurement of response to the preselected control signals; 

means for generating an update of a preexisting model of the ph3rsical system 
based upon the measured responses; 

means for using the updated model along with a universal filter for generating a 
new controller means by computing new controller variables; and, 

means for connecting the new controller means to the physical system. 

40. (Qrigmal): The apparatus of claim 39 further comprising; 

the means for generating a new controller includes means for doA?vnloading the 
computed new controller variables to the existing controller means. 

41. (Origmal): The apparatus of claim 40 fiirther comprisixxg: 

the new controller variables are controller gains. 

42- (Previously Presented); A method for Creating a controller used by a user to govera 
motion in a physical system comprising; 

injecting motion control signals to govem motion in the physical system having 
feedback to a controller ii\jecting the motion control signals; 

disabling the controllex and substituting a temporary control signal generator 
injecting preselected control signals into the physical system to enable measurement of 
response to the preselected control signals; 
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measuring data which accurately characterizes a physical behavior of the physical 
system, comprising the motion of the physical system in re^onse to the motion control 
signal which accurately cbaractoizes a physical behavior of the physical system, 
comprisiog the motion in the physical system indicative of the physical behavior of the 
physical system, the data measuring occuning during an abnormal period triggered by an 
event, the measured data being indicative of the behavior of the physical system when in 
normal use; 

generating an update of a preexisting model of the physical system based upon the 
measured responses; 

using the updated model along with a universal filter for generating a new 
controller by computing new controller variables; and, 

connecting the new controller to the physical system. 

43, (Original): The method of claim 42 ftirther comprising: 

the step of generating a new controller includes downloading the computed new 
controller variables to the existing controller. 

44, (Original): The apparatus of claim 43 further comprising: 

the new controller variables are controller gains. 

45, (Cunently Amended): A system for controlling the physical behavior of an apparatus, 
the behavior of the apparatus estimated by an initial behavioral model, the system 
comprising: 

a sensor element located mproximily 4e on the apparatus for acquiring 
data indicative of the physical behavior of a machine component of the apparatus; 

a system processor which includes a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral model, tuning and adjusting the controller and generating a control 
signal, 

wherein the processor adapts the initial model to an updated model 
based upon the acquired data, combines the updated model with a 
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universal filter to create a relation that describes the behavior of the 
apparatus and creates a controller bas^d on the relation such that the 
controller is timed according to the iipdated model, 

and wherein the control signal generated by the processor 
according to the controller is used to control the physical behavior of the 
apparatus; and 

wherein the universal filter is 
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• v/ixete El, Ea, and E3 are filters that specify the relationship 
between at least one performance variable, z, and at least one 
disturbance, w, at least one controller output, u, and at least one 
plant ou^nit, s,-and Fi and Di are filters that specify the 
relationship between at least one plant input, r, and at least ojxe 
disturbance, w, and at least one controller output, u, and F2 and D2 
are filters that specify the relationship between at least one 
controller injnit and at least one disturbance, w, and at least one 
plant output, s. 

46. (Original): A system for controlling the physical behavior of an ^pafatus, the behavior 
of the apparatus estimated by an initial behavioral model, the system comprising: 

a sensor element located in proximity to the apparatus for acquiring data 
indicative of the physical behavior of the apparatus; 

a system processor which includes a tunable controller based on the initial 
behavioral modeL the processor capable of generating a drive si g nal, estimatins a 
behavioral model, tuning and adjusting the controller and generating a control signal, 

wberein the processor adapts the initial model to an updated model based upon 
the acquired data, by dynamically generating a nrultivariable, fully-coupled mathematical 
relation of minimal order, and combines the updated model with a universal filter to 
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create a relation that describes tbe behavior of the apparatus and creates a controUer 
based on the relation such that the controller is tuned according to the updated model, and 
wherein the control signal generated by die processor accoiduig to the controller 
is used to control the physical behavior of the apparatus. 

47. (Original): A method for governing motion in a physical system, the physical system 
beuig estimated by an initial behavioral model, comprising the steps of: 

inducing motion in the physical system, measuring frequency data which 
characterizes the motion in the system; 

updating the initial behavioral model to create an updated behavioral 
model which accurately conforms to the measured data; 

usmg the updated behavioral model m conjunction with a universal filter 
to create a command structure by dynamically generating a muWvariable, fljUy 
coupled mathematical relation of minimal order] and 

applying appropriate stimulus to the system to cause motion in the 
physical system, thereby causing the physical system to behave in accordance 
with the command structure. 

48. (Origiiial): A method for controUing movement of a mechanical ^paratus based on the 
spatial location of a movable portion of the mechanical apparatus, the movement of the 
portion mitially estimated by a first mathematical model and governed by a first 
controller which is based on the first mathematical model and a matiiematical filter, 
comprismg the steps of: 

mtroducing a first signal to induce motion in the movable portion; 
measuring the motion and spatial location of the movable portion in response to 
the first signal; 

updating tiie first mathematical model to generate a second mathematical 
model which approxhnates the motion of tiie movable portion and iqjdating the 
first controUer usmg tiie second mathematical model and tiie filter by dynamically 
generating a multivariable, fiilly coiq)led mathematical relation of minimal order, 
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to create and solve an optimal control problem and thereby generate a secotid 
controller, such fbat the motion induced when a second signal is j?)plied to tiie 
mechanical apparatus is well-predicted. 

49. (Cmrcntly Amended): A system for controlling the physical behavior of an apparatus, 
the behavior of the apparatus estimated by an initial behavioral model, the system 
comprising: 

a sensor element located in proxunity -te ga^ the apparatus for acquiring 
data indicative of the physical behavior of a machine comooTient of the apparatus 
during a period when the ^)paratus is not in normal operation; 

a system processor vsdiich includes a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral model, tuning and adjusting the coulroller and generating a control 
signal, 

wherein the processor adapts the initial model to an updated model based upon the 
acquired daia, by dynamicaUy generating a multivariable. fully-coxipled 
mathematical relation of minimal order, and combines the updated model with a 
universal filter to create a relation that describes the behavior of the apparatus and 
creates a controller based on the relation such ttiat tiie controller is tuned 
according to the (q>dated model, and 

wherein the control signal generated by the processor according to the 
controller is used to control the ph3rsical behavior of the apparatus. 

50. (Original): A method for governing motion in a physical system, the physical system 
being estimated by an initial behavioral model, comprising the steps of: 

inducing motion in tiie physical system during a period when the physical 

system is not In normal operation, measuring fiequeucy data which characterizes 

the motion in the system; 

updating ti» initial behavioral model to create an updated behavioral 
model which accurately conforms to the measured data by dynamicaUy generating 
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a multivariable, fully-coupled mathematical relation of minimal onier, and 
combining the updated behavioral model with a universal filter; 

using the updated behavioral model in con imction wiih a universal filter 
to create a command stnictuxe; and 

applying appropriate stimulus to the system to cause motion in the 
physical system, thereby causing the physical system to behave in accordance 
with the command structure. 

5 1 . (QrigJnal): A method for controlling movement of a mechanical apparatus based on the 
spatial location of a movable portion of the mechanical apparatus, the movement of the 
portion initially estimated by a first mathematical model and governed by a first 
controller which is based on the first mathematical model and a mathematical filter, 
comprising the steps of: 

introducing a first signal to induce motion in the movable portion during a 
period of time when the mechanical apparatus is not in normal operation; 

measuring the motion and spatial location of the movable portion in 
response to the first signal; 

updating the first mathematical model to generate a second mathematical 
model which approximates the motion of the movable portion by dynamically 
generating a multivariable, fiilly-coupled mathematical relation of minimal order, 
and updating the first controller using the relation and the filtei to create and solve 
an optimal control problem and thereby generate a second controller, such that die 
motion induced v^4len a second signal is applied to die mechanical apparatus is 
well-predicted. 

52. (Curremly Amended): A method for creating a controller oftiiotjijo used by a user to 
govern motion in a physical system comprising: 

injecting motion control signals to govern motion in the physical system having 
feedback to a controller injecting the motion control signals; 
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disabling the controUer and substituting a temporary control signal generator 
injecting preselected control signals iiito the physical system to enable measurement of 
response to the preselected control signals; 

generating an update of a preexisting model of the physical system based 

upon the measured responses by dynamically^enerating a multivariable, fuUy- 

coupled mathematical relation of minimal order; 

using the updated model along with a universal filter for generating a new 
controller by computmg new controller variables; and, 

connecting the new controller to the physical system. 

53. (Original): A method for governing motion in a physical system>* the physical system 
being estimated by an initial behavioral model, comprising the steps of: 

inducing motion in the physical system, measniing frequency data which 
characterizes the motion in the system; 

updating the initial behavioral model to create an updated behavioral 
model which accurately conforms to the measured H^ a^ 

using the updated behavioral model in coi«unction with a universal filter 
to create a conmiand structure and applying appropriate stimulus to the system to 
cause motion in tiie physic^ system, thereby causing tiie physical system to 
behave in accordance with the command structure; 
wheiein the universal filter is 
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where Ei, E2, aod E3 are filters that specify the relationship 
between at least one performance variable, z, and at least one disturbance, 
w, at least one controller output, u, and at least one plant output, s, and Fi 
and Di are filters that specify the relationship between at least one plant 
mpvx, r, and at least one disturbance, w, and at least one controller output, 
u, and F2 and D2 are filters that specify the rclatipaship between at least 
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one controller i^put and at least one disturbance, w, and at least one plant . 
output, s. 

54. (Currentty Amended): A method for contiollmg movement of a mechanical apparatus 
based on tiie spatial location of a movable portion of the mechanical apparatus, the 
movement of the portion initiaUy estimated by a first mathematical model and governed 
by a fiist controller which is based on the fiist mathematical model and a matfacmaticQl 
universal filter, coniprising the steps of: 

introducing a first signal to induce motion in the movable portioni 

measuring the motion and spatial location of the movable portion in response to 

the first signal; 

updating the first mathematical model to generate a second mathematical 
model v*ich approximates the motioa of the movable portion and updating the 
first controller using the second mathematical model and the universal filter to 
create and solve an optimal control problem and thereby generate a second 
controller, such &at the motion induced when a second signal is applied to the 
mechanical apparatus is well-predicted; 

wherein the universal filter is 




where Ei, E2, and E3 are filters that specify the relationship 
between at least one performance variable, z, and at least one disturbance, 
w, at least one controller output, u, and at least one plant output, s, and Fj 
and Di are filters that specify the relationship between at least one plant 
input, T, and at least one disturbance, w, and at least one controller output, 
u, and Fa and D2 are filters that specify the relationship between at least 
one controller input and at least one disturbance, w, and at least one plant 
output, s. 
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55. (Original): A system for controlling the physical behavior of an apparatus, the 
behavior of the apparatus estimated by an initial behavioral model, the system 
comprising: 

a sensor element located in proximity to the apparatus for acquiring data 
indicative of the physical behavior of the apparatus during a period when the 
apparatus is jxot in normal operation; 

a system processor vMch includes a tunable controller based on the initial 
behavioral model, the processor capable of generating a drive signal, estimating a 
behavioral model, tuning and adjusting the controller and generating a control 
signal; 

wherein the processor adapts the initial model to an updated model based 
i^on the acquired data, combines the updated model with a universal filter to 
create a relation that describes the behavior of the apparatus and creates a 
controller based on the relation such that the controller is tuned according to the 
updated model; and 

v\terein the control signal generated by ihe processor according to ihe 
controller is used to control the physical behavior of the apparatus; 

wherein the universal filter is 













'W 


r 








0 


41. 


y. 








^1 





r 



where Eip Ea, and E3 are filters that specify the relationship 
between at least one performance variable, z, and at least one disturbance, 
w, at least one controller output, u, and at least one plairt output, s, and Fi 
and Di are filters that specify the reladonship between at least one plant 
input, r, and at least one disturbance, w, and at least one controller output, 
u, and F2 and D2 arc filters that specify the relationship between at least 
one controller input and at least one disturbance, w, and at least one plant 
output, s. 
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56. (Original): A method for governing motion in a physical system, the physical systein 
being estimated by an initial behavioral model, comprising the steps of; 

inducing motion in the physical system during a period when the physical 
system is not in normal operation, measuring frequency data wbidi characterizes 
die motion in the system; 

;q)dating the initial behavioral model to create an updated behavioral 
model which accumtely confoims to the measured date; 

using the updated behavioral model in conjunction with a universal filter 
to create a command structure and applying appropriate stimulus to the system to 
cause motion in the physical system, thereby causiiig the physical system to 
behave in accordance with the command structure; 
wherein the universal filter is 















r 








Q 










0 







where Ex, E2, and E3 are filters that specify the relationship 
between at least one perforaiance variable, z, and at least one disturbance, 
w, at least one controller ou^ u, and at least one plant ou^ut, s, and Fi 
and Di are filters that specify the relationship between at least one plant 
input, r, and at least one disturbance, w, and at least one controUer output, 
u, and F2 and D2 are filters that specify the relationship between at least 
one controller input and at least one disturbance, w, and at least one plant 
output, s. 



on 



57. (Original): A method for controlling movement of a mechanical apparatus based 
the spatial location of a movable portion of the mechanical apparatus, the movement of 
the portion initially estimated by a first mathematical model and governed by a first 
controUer which is based on the first mathematical model and a mathematical filter, 
comprising the steps of: 

. introducing a first signal to induce motion in the movable portion during a 
period of time when the mechanical ^jparams is not in normal operation; 
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measuring the motion and spatial location of the movable portion in 
response to the first signal; updating the first mathematical model to generate a 
second maAematical model which approximates the motion of the movable 
portion and updating the first controller using the second mathematical model and 
the filter to create and solve an optimal control problem and fliereby generate a 
second controller, such that the motion induced when a second signal is applied to 
the mechanical apparatus is well-predicted; 

wherein the universal filter is 
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where Ei, Ei, and E3 are filters that specify the relationship 
between at least one performance variable, 2, and at least one disturbance, 
w, at least one controller output, u, and at least one plant output, s, and Fi 
and Di are filters that specify the relationship between at least one plant 
input, r, and at least one disturbance, w. and at least one controller output, 

u, and F2 and D2 arc filters tiiat specify the relationship between at least 
one controUer input and at least one disturbance, w, and at least one plant 
output, s. 

58. (Original): A me&od for creatmg a controller of the type used by a user to govern 
motion in a physical system comprising: 

mjecting motion control signals to govern motion in the physical system having 
feedback to a controller iiyecting the motion control signals; 

disabling the controller and substituting a temporary control signal generator 
injecting preselected control signals into the physical system to enable measurement of 
response to the preselected control signals; 

generating an update of a preexisting model of the physical system based upon the 
measured responses; 

using the updated model along witii a universal filter for generating a new controUer by 
coniputing new controller variables; and, 

26 

PAGE 3V41 ' RCVD AT 4/19/2005 1 :02:04 PM [Eastern Daylight Tine] ' SVR:USPTO-EFXRF-1/0 ' OfllS:8729306 ' CSID: ' DURATION ^^pm 



fiPR. 19.2035 . 9:31ftM 



NO. 900 P. 31 



Atty. Docket No. 2001-0093-01 
USSN 09/896,689 

connecting the new controller to the physical system; 
wherein the xmiversal filter is 
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where Ej, E2, and E3 are filters that specify the lelationship between at least one 
perfoimance variable, z, and at least one disturbance, w, at least one controUer output, n, 
and at least one plant output, s, and Fi and Di are fQters that specify the relationship 
between at least one plant input, r, and at least one disturbance, w, at least one 
controUer output, u, and F2and D2 are filters that specify the relationship between at least 
one controUer input and at least one disturbance, w, and at least one plant output, s. 

59. (Original); The system of claim 45, wherein the relation is solved by a method 
chosen fiom the group of methods consisting of: linear quadratic Gaussian (LQG). H- 
infinity and ^-synthesis. 

60. (Original); The system of claim 45, further comprising an actuator in electrical 
communication with the system processor, wherein the drive signal causes activation of 
the actuator and wherein the actuator is located such that the physical behavior of the 
apparatus is modified by the activation of the actuator. 

61 . (Original): The system of claim 60, wherein ttansfer fhnction data is coUected 
between the actuator and the sensor clement 

62. (Original): The system of claim 1, wherein the processor creates the updated model 
by non-Uncar curve-fitting thereby describing the updated model by a known 
mathematical equation according to the data gathered by the sensor. 

63. (Original): The system of claim 62, wherein an error function is associated with the 
known mathematical equation, the error fimction including log magnitude and phase 
iufozmatioit 
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64. (OriginaJ): The system of claim 63, wherein the logarithmic error between the 
collected data and the initial behavioral model is: 

where 0 is a vector of parameters which describe the model, V*' ?> is the 
fiequency response of the model from actuator j to sensor i measured at frequency ft, 
^^'i is the measOTed frequency response from actuator j to setjsoi i measured at 
frequency ffo p is the number of sensors, q is the number of actuators, and N is the 
number of frequency points of mterest. 
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